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Abstract
MARVIN E. HORA
Concentration and flow of total phosphate (TP), total organic
nitrogen (TON), and total organic carbon (TOC) were measured from
November 9, 1971 to November 8, 1972 on the Big Sioux River, Six Mile-
North Deer Creek, and Drainage M. The Big Sioux River transported
418,640 x 10 3 m3 of water, 776,880 kg TP, 599,590 kg TON, and
5,419,580 kg TOC during the study-year. Six Mile Creek transported
23,900 x 10 3 m 3 of water, 52,040 kg TP, 43,580 kg TON, and 327,860 kg
of TOC. The transport of water and nutrients in Six Mile Creek per
square kilometer of drainage area was 121 x 10 3 m3 of water, 264 kg TP,
221 kg TON, and 1,664 kg TOC. North Deer Creek transported 36,330 x
103 m3 of water, 66,980 kg TP, 54,400 kg TON, and 493,920 kg TOC,
representing 114 x 10 3 m3 of water, 209 kg TP, 171 kg TON, and 1,548 kg
TOC per square kilometer of drainage area. Drainage M during the
study-year transported 1,290 x 10 3 m3 of water, 1,830 kg TP, 1,400 kg
TON, and 14,260 kg TOC, representing 81 x 10 3 m3 of water, 114 kg TP,
88 kg TON, and 891 kg of TOC per square kilometer of drainage area.
The contribution of nutrients and water to Six Mile Creek by Brookings,
South Dakota was 4,590 x 10 3 m3 of water, 77,640 kg TP, 9,740 kg TON,
and 76,020 kg TOC. This amounted to a contribution of 0.33 x I0 3 m3
of water, 5,66 kg TP, 0.71 kg TON, and 5.54 kg TOC per person.
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INTRODUCTION
Agricultural and municipal wastes account for most of the nutrients
entering natural waters (Mitchell 1972). Agricultural land run-off is
currently the largest and most complex pollution contributing factor
in South Dakota. Municipalities are significant contributing factors
in local areas, but the total pollution load they contribute is much
less than that from agricultural land run-off (Matthew 1968).
The Big Sioux River flows through the intensively farmed eastern
edge of South Dakota. The drainage area of the Big Sioux River is
24,880 km2 and has the greatest population density of any major water-
shed in South Dakota (Matthew 1968). According to Applegate (1971)
there were an estimated 858,000 cattle in 1970 in the counties in which
the Big Sioux River is located with the potential to produce 6,229,000
kg P and 283,140,000 kg N per year. Twenty-five cities and towns use
the Big Sioux River and its tributaries as receiving waters for their
sewage effluent (Matthew 1968). Skille (1971) stated that the Big
Sioux River carried high nutrient loads and contributed large amounts
of nutrients to the Lake Poinsett water system. This nutrient load has
increased the eutrophication of the lake-river system of eastern South
Dakota and has caused concern among neighboring states over the quality
of the water in the Big Sioux River as it leaves South Dakota. The
first objective of this study was to determine the amount of phosphate,
organic nitrogen, and organic carbon transported by the Big Sioux River.
2The second objective was to determine the amount of these nutrients
contributed by three agricultural drainage areas and the city of
Brookings, South Dakota.
3MATERIALS AND METHODS
Nutrients and nutrient transport were measured at five stations
on the Big Sioux River and its tributaries in the vicinity of
Brookings, South Dakota (Fig. 1). Station 1 was located on the
Big Sioux River 3.2 km south and 3.2 km west of Brookings. Station
2 was located on Six Mile Creek 1 km west of Brookings. Station 3
was located on North Deer Creek 1 km south and 3 km west of Brookings.
Station 4 was located on a small unnamed stream 1 km south of Volga,
South Dakota and will be referred to as Drainage M. Station 5 was
located on Six Mile Creek one-fourth km below the Brookings sewage
plant.
Nutrient concentration, volume of water flow, and nutrient flow
was measured at all stations. Stations 2, 3, and 4 were sampled at
about 1-week intervals from March 14, 1972 to November 8, 1972. These
stations were observed from November 9, 1971 to March 14, 1972, but no
water flow occurred. Stations 1 and 5 were sampled at approximately
2-week intervals from November 9, 1971 to November 8, 1972.
Three water samples were collected in polyethylene 1-liter bottles,
one near each edge and one in the center of the stream. Samples were
then returned to the laboratory, refrigerated and analyzed within 48
hours of collection. Stream velocity was measured using a 622 Gurley '
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Figure 1. Map showing the location of sampling stations in_ relationship
to . the Big Sioux River, South Dakota.
5current meter each time water samples were collected. Water discharge
was calculated as the product of the width, depth, and velocity as
described by Linsley et al. (1958). Velocity readings and depth
measurements were recorded at 1-m intervals across the stream. Velocity
readings were taken at a depth of 0.6 the depth of the stream.
Orthophosphate concentrations were measured by the stannous
chloride-ammonium molybdate method presented by the American Public
Health Association (APHA) (1971). Triplicate samples with duplicate
analyses of each sample were used to provide data for statistical anal-
ysis. Orthophosphate measurements were conducted immediately after re-
turning to the laboratory because rapid changes in concentrations of
this nutrient may occur. Total and dissolved phosphate concentrations
were measured by the sulfuric acid-nitric acid method outlined by the
APHA (1971). Total phosphate concentration included total dissolved
and suspended orthophosphate, total dissolved and suspended acid-
hydrolyzable phosphate, and total dissolved and suspended organic
phosphate. Dissolved phosphate was that portion passing through a
0.45Ac. HA Millipore) filter. It included dissolved orthophosphate,
dissolved acid-hydrolyzable phosphate, and dissolved organic phos-
phate. Particulate phosphate was that portion of the phosphate re-
tained by the filter and was calculated as the difference between the
total and dissolved concentrations. It included particulate
' Registered trademark
6orthophosphate, particulate acid-hydrolyzable phosphate, and particulate
organic phosphate. This test was conducted in duplicate on a composite
sample of water collected at each station. Efficiency of this analysis
was tested using adenosine monophosphate (C9H1208 N5 P) in known concen-
trations that were within the range of concentrations found within the
river. Eighty percent recovery of phosphate was made. All phosphorus
was measured as phosphate by these methods and consequently all phos-
phorus concentrations and loads will be given as the phosphate equiv-
alent. Filters used to separate dissolved from particulate fractions
were prerinsed with 250 ml of distilled water to remove traces of
phosphate, organic nitrogen, and organic carbon that may have been
carried into the sample during filtration.
Total organic nitrogen, dissolved organic nitrogen, ammonia
nitrogen, and total Kjeldahl nitrogen were measured by a modification
of the Kjeldahl method described by the APHA (1971) using Kel-Pak l
Formulation No. 2 packets and 25 ml of sulfuric acid. Total organic
nitrogen concentration included dissolved and particulate organic
nitrogen. Dissolved organic nitrogen was that portion which passed
through a 0.45 filter, and the particulate organic nitrogen was
that portion which did not. Total Kjeldahl nitrogen was the sum of
the ammonia nitrogen and total organic nitrogen concentrations. A
single analysis of 300 ml of water from the composite sample was used
1Registered trademark
7in this test. Efficiency of recovery of known amounts of L-valine
(C5H 11NO2 ) was 100 percent. Concentrations tested were within the
range of values found in the river.
Total and dissolved organic carbon concentrations were measured
by the dichromate oxidation technique described by Maciolek (1962).
Total organic carbon included dissolved and particulate organic car-
bon concentrations. Dissolved organic carbon was that portion that
passed through the filter, and particulate organic carbon was that
portion retained by the filter. Total organic carbon minus dissolved
organic carbon gave the particulate organic carbon concentration.
Organic carbon oxidation values were corrected for the oxidation of
chloride as suggested by Maciolek (1962). Efficiency of recovery of
organic carbon using known amounts of L-valine was again 100 percent.
Dissolved oxygen concentrations, measured from the surface, were
determined by the Winkler-Azide modification (APHA 1971), Water
samples used for oxygen determinations were collected from the center
of the stream in 300-ml BOD bottles.
Total hardness, calcium hardness, magnesium hardness, phenolphthalein
alkalinity, methyl red-bromcresol green alkalinity, and chloride concen-
trations were measured with a Hach l Chemical Company Portable Laboratory,
Model DR-EL. A Hellige l Pocket Comparator was used to measure pH.
1Registered trademark
8RESULTS AND DISCUSSION
Big Sioux River (Station 1)
Station one was located on the Big Sioux River approximately
150 km downstream from its headwaters in Grant County. The water-
shed above Station 1 had an area of about 11,130 km 2 . Approximately
59,590 people and 334,000 cattle resided within its boundaries. The
entire watershed lies within South Dakota.
The discharge of water at Station 1 ranged from 0.32 to 66.00
m3/s, with an average discharge at 14.9 m3 /s during the study period
(November 9, 1971 - November 8, 1972). Total water discharge at
Station 1 for the study-year was 418,640 x 10 3 m3 (Table 1). This
was about three times greater than the yearly average reported by the
Dept. of Interior (1971), due to the increased rainfall that occurred
during the study period. Normal rainfall in Brookings County is 53
cm per year; however, the Brookings weather station received 74 cm of
rain during the study year (U. S. Dept. of Commerce 1971, 1972).
The total phosphate (TP) concentration at Station 1 ranged from
0.48 to 3.16 mg/L, with an annual average of 1.75 mg/L (Fig. 2). This
is within the range of values (0.006-15.12 mg/L (PO 4 )) presented by
Sanders (1972) for rivers of the United States. Orthophosphate con-
centrations ranged from 0.17 to 1.66 mg/L, with an annual average of
0.67 mg/L (Fig. 3). TP flows ranged from 0.44 to 97.70 g/s and
averaged 27.22 g/s. Orthophosphate flows ranged from 0.23 to 50.82
Table 1. Total water discharge by the Big Sioux River, Six Mile-North Deer Creek, and Drainage M,
November 1971 - November 1972 (m 3 x 103 )
Date Station 1 Station 2 Station 3 Station 4 Station 5
Nov. 5,120 * * * 290
Dec. 4,800 * * * 470
Jan. 1,380 * * * **
Feb. ** * * * **
Mar. 22,550 3,600 3,370 210 200
Apr. 44,120 950 2,590 70 120
May 86,590 16,260 14,170 210 1,620
June 135,540 1,040 9,310 380 680
July 58,280 1,070 4,700 180 410
Aug. 36,530 610 1,590 130 500
Sept. 12,670 80 80 50 160
Oct. 11,060 290 520 60 140
Total 418,640 23,900 36,330 1,290 4,590
*No discharge measured due to no water flow
**No discharge measured due to ice blockage
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Figure 2. Concentration and. flow of phosphate at Station 1 on the Big Sioux River, South
Dakota, November 1971-November 1972.
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Figure 3. Concentration and flow of orthophosphate at all stations, November 1971-
November 1972.
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g/s and averaged 8.86 g/s. TP and orthophosphate loads transported
by the Big Sioux River at Station 1 during the study-year were
776,880 and 249,680 kg, respectively (Tables 2, 3). The dissolved
fraction of the TP content averaged 59 percent.
Total organic nitrogen (TON) concentration ranged from 0.41 to
2.43 mg/L, with an annual average of 1.26 mg/L (Fig. 4). TON flow
at Station 1 ranged from 0.15 to 91.10 g/s and averaged 21.54 g/s.
The TON load transported by the river at Station 1 was 599,590 kg
( Table 4). The dissolved fraction of the TON content averaged 64
percent. The total amount of ammonia carried by the river at Station
1 was 39,230 kg (Table 3). Ammonia nitrogen occurred only in the
spring and winter, probably the result of cold water temperatures
slowing down the oxidation of ammonia to nitrite and nitrate. Total
Kjeldahl nitrogen transported at Station 1 was 638,820 kg.
Total organic carbon (TOC) concentration ranged from 3.44 to
17.50 mg/L, with an average of 9.23 mg/1 (Fig. 5). This average is
within the range of values (1.0-12.0 mg/L) given by Sanders (1972)
for the organic carbon concentrations of rivers in the United States.
TOC flow ranged from 1.45 to 888.5 g/s and averaged 196.2 g/s for the
study-year. TOC load transported at Station 1 was 5,419,580 kg (Table
5). The dissolved fraction of the TOC content averaged 69 percent.
Three percent of the annual TP load, percent of the TON load,
1 percent of the TOC load, and 3 percent of the total water discharge
Table 2. Total phosphate transported by the Big Sioux River,
age M, November 1971 - November 1972. (kg PO4 )
Six Mile-North Deer Creek, and Drain-
Station 1 Station 2 Station 3 Station 4 Station 5
Percent Percent Percent Percent Percent
Date
Total
PO4
dis-
solved
Total
PO4
dis-
solved
Total
PO4
dis-
solved
Total
PO4
dis-
solved
Total
PO4
dis-
solved
Nov. 14,150 89 * * * * * * 8,020 90
Dec. 8,220 83 * * * * * * 13,150 89
Jan. 2,340 53 * * * * * * ** **
Feb. ** ** * * * * * * ** **
Mar. 61,210 66 12,010 66 7,680 62 420 76 6,890 63
Apr. 93,860 55 1,980 44 2,310 72 50 75 7,290 39
May 111,900 66 33,820 62 25,400 47 260 71 14,060 72
June 228,560 78 1,490 78 19,040 65 500 76 7,360 74
July 157,330 38 1,670 72 9,200 54 400 52 5,880 52
Aug. 65,800 36 770 67 2,840 72 120 79 4,200 61
Sept. 15,940 45 130 71 60 60 40 81 4,290 91
Oct. 17,570 41 170 74 450 37 40 79 6,500 81
Total 776,880 52,040 66,980 1,830 77,640
*No discharge measured due to no water flow
**No discharge measured due to ice blockage
Table 3. Orthophosphate (PO4 ) and ammonia nitrogen (NH3 ) transported by the Big Sioux River, Six
Mile-North Deer Creek, and Drainage M, November 1971 - November 1972. (kg PO4, NH3)
Station l Station 2 Station 3 Station 4 Station 5
Ortho Ortho Ortho Ortho Ortho
Date PO4 NH3 PO4 NH3 PO4 NH3 PO4 NH3 PO4 NH3
Nov. 8,420 6,610 * * * * * * 3,270 5,730
Dec. 6,400 1,230 * * * * * * 10,320 10,740
Jan. 1,310 0 * * * * * * ** **
Feb. ** ** * * * * * * ** **
Mar. 22,940 6,920 4,600 0 2,770 0 190 0 1,670 5,620
Apr. 11,120 24,470 120 0 100 0 10 0 4,820 2,100
May 35,400 0 6,920 0 4,070 0 100 0 4,420 0
June 100,360 0 540 0 6,270 0 160 0 3,820 0
July 33,530 0 370 0 2,650 0 160 0 2,270 230
Aug. 21,670 0 210 0 1,170 0 70 0 2,140 0
Sept. 3,760 0 30 0 10 0 20 0 2,110 1,520
Oct. 4,770 0 20 0 70 0 20 0 4,380 3,530
Total 249,680 39,230 12,810 0 17,110 0 730 0 40,220 29,470
*No discharge measured due to no water flow
**No discharge measured due to ice blockage
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Figure 4. Concentration and flow of nitrogen at Station 1 on the Big Sioux River,
South Dakota, November 1971-November 1972.
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Table 4. Total organic nitrogen (TON) transported by the Big Sioux River, Six Mile-North Deer
Creek, and Drainage M, November 1971 - November 1972, (kg TON)
Station 1 Station 2 Station 3 Station 4 Station 5
Percent Percent Percent Percent Percent
dis- dis- dis- dis- dis-
Date TON solved TON solved TON solved TON solved TON solved
Nov. 4,380 *** * * * * * * 620 ***
Dec. 2,500 *** * * * * * * 800 ***
Jan. 780 *** * * * * * * ** ***
Feb. ** *** * * * * * * ** ***
Max. 27,620 92 5,860 73 4,160 90 290 83 60 69
Apr. 53,810 52 1,360 49 2,430 90 40 82 440 41
May 90,560 67 32,660 42 25,490 44 240 71 3,540 55
June 163,040 94 1,280 90 12,650 82 360 83 1,050 91
July 140,560 43 1,330 79 7,210 78 280 88 670 77
Aug. 75,080 51 770 64 1,970 69 120 86 1,490 48
Sept. 22,650 56 120 56 70 61 30 92 530 49
Oct. 18,610 58 200 74 420 82 40 82 540 51
Total 599,590 43,580 54,400 1,400 9,740
*No discharge measured due to no water flow
**No discharge measured due to ice blockage
***No separation of dissolved from particulate fractions made rn
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Figure 5. Concentration and flow of organic carbon at Station 1 on the Big Sioux
River, South Dakota, November 1971-November 1972.
Table 5. Total organic carbon (TOC) transported by the Big Sioux River, Six Mile-North Deer Creek,
and Drainage M, November 1971 - November 1972. (kg TOC)
Station 1 Station 2 Station 3 Station 4 Station 5
Percent Percent Percent Percent Percent
dis- dis- dis- dis- dis-
Date TOC solved TOC solved TOC solved TOC solved TOC solved
Nov. 40,200 62 * * * * * * 4,770 56
Dec. 27,400 85 * * * * * * 7,950 52
Jan. 7,390 80 * * * * * * ** **
Feb. ** ** * * * * * * ** **
Mar. 342,410 73 60,180 74 46,830 82 3,490 77 3,830 74
Apr. 475,400 79 21,960 28 22,680 89 330 88 8,220 61
May 966,200 74 213,960 65 202,290 58 2,520 79 22,090 67
June 1,656,750 64 10,260 67 126,280 68 3,390 90 7,560 72
July 980,540 60 13,160 69 69,610 71 2,490 97 6,730 55
Aug. 596,750 57 5,690 79 20,780 65 1,300 79 8,360 41
Sept. 192,250 56 730 42 740 74 390 93 3,100 46
Oct. 134,290 72 1,920 68 4,710 79 350 91 3,410 25
Total 5,419,580 327,860 493,920 14,260 76,020
*No discharge measured due to no water flow
**No discharge measured due to ice blockage
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was transported at Station 1 during Period I (November 9, 1971 -
April 30, 1972). During Period II (March 1, 1972 - June 30, 1972),
the river transported 64 percent of the TP load, 56 percent of the TON
load, 64 percent of the TOC load, and 69 percent of the annual total
water discharge. During Period III (July 1, 1972 - November 8, 1972),
33 percent of the TP load, 43 percent of the TON load, 35 percent of
the TOC load, and 28 percent of the total water discharge was trans-
ported past Station 1.
The nutrient load transported by the river was greatest in the
period of spring run-off. The particulate fractions of the TP, TON,
and TOC loads were highest in the spring and fall. In the spring, large
amounts of soil and organic matter are washed into the river by the
melting snow and rainwater run-off. Biggar and Corey (1969) state
that during periods of high water flow, streams erode their banks and
carry some of the eroded materials downstream in suspension. Hynes
(1970) suggests that nearly all of the phosphate reaching streams in
agricultural areas does so through soil and stream-bank erosion. Arm-
strong and Rohlich (1969) state that 95 percent of the nitrogen found
in soil is in the organic form. Organic matter washed into a stream
is important as a possible nutrient source and as a valuable resource
lost from the land (Biggar and Corey 1969). The particulate fraction
was high in the fall due to the large amount of organic matter which
was produced within the river during the growing season. This organic
20
matter production left large amounts of algae and particulate organic
matter in suspension in the river. The ratio of the total loads of
TOC, TON, and TP transported by the Big Sioux River at Station 1 during
the study-year was 6.97:0.77:1.0.
Six Mile Creek (Station 2)
The watershed of Six Mile Creek was located mainly in Brookings
County northeast of the city of Brookings. Six Mile Creek originated
near the southern border of Deuel County and flowed in a southwesterly
direction until it entered the Big Sioux River 4.8 km southwest of
Brookings. Its length was about 35 km and its width averaged 6 km
(U. S. Dept. of Agriculture 1972). The drainage area of Six Mile
Creek was approximately 197 km 2 . Topography varied from rolling in
the upper regions of the watershed to generally level in the south--
west. Major upland soil types were Kranzburg, Vienna, Brookings, and
Lismore. Major floodplain soil types in the Six Mile watershed were
Rauville, Lamoure, Solomon, and Volga. The Six Mile Creek watershed
was intensively used for agriculture. Land within the watershed was
composed of 73 percent cropland, 21 percent hayland and pasture, and
5 percent other uses (S. D. Crop and Livestock Reporting Service 1967).
About 8,450 cattle and 5,460 hogs were raised within the watershed
during the study-year (S. D. Crop and Livestock Reporting Service
1971). The rural population of the watershed was approximately 475
people. Municipal usage of the watershed above Station 2 was limited
21
to the town of White. This community had a population of 420 people
and a sewage treatment plant with secondary-mechanical treatment. This
town had little effect on Six Mile Creek water as a whole, because ac-
cording to Matthew (1968) the treated waste population equivalent to
Six Mile Creek on a BOD basis was 85 people.
Discharge of water at Station 2 ranged from 0.0 to 21.83 m 3/s
during the study-year (November 9, 1971 - November 8, 1972). The
average flow of the creek during the flow period (March 14, 1972 -
November 8, 1972) was 1.43 m 3/s. Total annual water discharge at
Station 2 was 23,900 x 10 3 m3 (Table 1). This amounted to 121 x 10 3
m3/km2 of drainage area.
TP concentration ranged from 0.38 to 4.32 mg/L and averaged 1.39
mg/L during the flow period (Fig. 6). Orthophosphate concentration
ranged from 0.03 to 1.93 mg/L, with an average of 0.38 mg/L (Fig. 3).
TP flow ranged from 0.005 to 41.88 g/s and averaged 3.27 g/s during
the flow period. Orthophosphate flow ranged from 0.001 to 8.94 g/s,
with an average of 0.75 g/s. TP and orthophosphate loads transported
at Station 2 were 52,040 and 12,810 kg, respectively (Tables 2, 3).
This was 264 kg TP/km2 of drainage area and 65 kg orthophosphate/km 2
of drainage area. The dissolved fraction averaged 67 percent of the
TP content.
TON concentration ranged from 0.43 to 2.62 mg/L and averaged 1.25
mg/L during the flow period (Fig. 7). TON flow ranged from 0.009 to
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Figure 6. Concentration and flow of phosphate at Station 2 onSix MileCreek, South Dakota,
March 1972-November 1972.
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Figure 7 Concentration and flow of organic nitrogen at Station 2 on Six Mile Creek, South Dakota,
March 1972-November 1972,
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50.16 m/s, with an average of 2.63 g/s. Ammonia was never detected at
this station. TON load transported by the creek was 43,580 kg (Table
4). This amounted to 221 kg TON/km2 of drainage area. The dissolved
organic nitrogen fraction averaged 66 percent of the TON content.
TOC concentration ranged from 5.70 to 48.84 mg/L, with an average
of 10.62 mg/L (Fig. 8). TOC flow ranged from 0.07 to 303.8 g/s and
averaged 22.2 g/s during the flow period. TOC load transported by
Six Mile Creek at Station 2 was 327,860 kg (Table 5). This was 1,664
kg TOC/km2 of drainage area. The dissolved fraction averaged 64 percent
of the TOC content.
Period I had no water discharge and thus no nutrient transport.
During Period II, when 90 percent of the water was discharged, the
creek transported 95 percent of the annual TP load, 94 percent of the
TON load, and 94 percent of the TOC load. Five percent of the TP load,
6 percent of the TON load, 6 percent of the TOC load, and 10 percent of
the total water discharge was transported during Period III. The par-
ticulate fraction of all nutrients was highest in the spring because
of the materials carried into the stream by the spring run-off. The
carbon:nitrogen:phosphate ratio of total amounts of nutrients trans-
ported by the creek at Station 2 was 6.30:0.83:1.0.
North Deer Creek (Station 3)
The North Deer Creek watershed was located mainly in Brookings
County north of the city of Brookings. The creek originated near the
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Figure 8. Concentration and flow of organic carbon at Station 2 on Six Mile Creek, South Dakota,
March 1972-November 1972.
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southern border of Deuel. County and flowed in a southerly direction
until it entered the Big Sioux River 4.8 km southwest of Brookings.
The length of the watershed was about 40 km and its width averaged 8
km. The drainage area is approximately 319 km2 ( U. S. Dept, of
Agriculture 1972). The topography of the watershed was rolling in
the upper region and gently sloping to level in the southern region.
Major upland soils in the watershed were the Kranzburg, Vienna, and
Brookings types. Major floodplain soils were the Lamoure, Solomon,
and Volga types. Agricultural usage of the North Deer Creek watershed
was intensive, with 76 percent of the land in cropland, 19 percent of
the land in hayland and pasture, and 5 percent in other uses (S. D.
Crop and Livestock Reporting Service 1967). During the study period
there were approximately 13,620 cattle and 8,800 hogs present within
the watershed. The rural population of the watershed was about 760
people. Municipal usage of the drainage area was insignificant.
The discharge of water at Station 3 ranged from 0.0 to 14.20 m 3/s
during the study-year. The average discharge of water during the flow
period (March 14, 1972 - November 8, 1972) was 2.0 m 3/s. Total annual
water discharge of North Deer Creek at Station 3 was 36,330 x 10 3 m 3
2( Table 1), or 114 x 10 3 m 3/km of drainage area.
The TP concentration at Station 3 ranged from 0.40 to 5.20 mg/L
and averaged 1.47 mg/L (Fig. 9). Orthophosphate concentration ranged
from 0.02 to 1.04 mg/L, with an average of 0.35 mg/L (Fig. 3). TP
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Figure 9. Concentration and flow of phosphate at Station 3 on North Deer Creek, South Dakota,
March 1972-November 1972.
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flow ranged from 0.006 to 33.53 g/s and averaged 3.70 g/s during the
flow period. Orthophosphate flow ranged from 0.001 to 8.94 g/s and
averaged 0.75 g/s. The total load of TP and orthophosphate trans-
ported at Station 3 was 66,980 and 17,110 kg, respectively (Tables 2,
3), representing 209 kg TP/km2 of drainage area and 54 kg ortho-
phosphate/km2 of drainage area. The dissolved fraction of the TP
content averaged 59 percent.
TON concentration ranged from 0.64 to 2.35 mg/L, with an average
of 1.16 mg/L (Fig. 10). TON flow ranged from 0.007 to 33.38 g/s, with
an average of 3.03 g/s. TON load transported at Station 3 by North
Deer Creek during the study-year was 54,400 kg (Table 4). This amounted
to 171 kg TON/km 2 of drainage area. The dissolved fraction averaged 74
percent of the TON content. No ammonia was detected in North Deer
Creek.
TOC concentration ranged from 5.85 to 18.61 mg/L, with an average
of 11.33 mg/L (Fig. 11). TOC flow ranged from 0.06 to 240.9 g/s and
averaged 24.03 g/s. TOC load transported by the creek was 493,920 kg
(Table 5), equivalent to 1,548 kg TOC/km 2 of drainage area. The dis-
solved organic carbon fraction averaged 73 percent of the TOC content.
Period I had no water discharge and no nutrient transport. During
Period II, 81 percent of the TP load, 82 percent of the TON load, 81
percent of the TOC load, and 81 percent of the annual total water dis-
charge was transported. During Period III, North Deer Creek at Station
400
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Figure 10. Conentration and flow of organic nitrogen at Station 3 on North Deer Creek, South
Dakota, March 1972-November 1972.
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Figure 11. Concentration and flow
March 1972-November 1972.
of organic carbon at Station 3 on North Deer Creek, South Dakota,
3]
3 transported 19 percent of the annual TP load, 18 percent of the TON
load, 19 percent of the TOC load, and 19 percent of the total water
discharge. The particulate fraction of all nutrients was generally
higher in the spring due to the "wash in" material. The carbon:
nitrogen:phosphate ratio of total amounts of nutrients transported
by North Deer Creek was 7.37:0.81:1.0.
Drainage M (Station 4)
Station 4 was located on a small unnamed creek south of Volga.
Drainage M originated in the southwest corner of Brookings County
and flowed northeast until it entered the Big Sioux River 2.5 km east
of Volga. The length of the watershed was about 9.5 km, with an
average width of 1.6 km. The creek drained an area of approximately
16 km2 . Topography of the watershed was sloping to generally level.
Major soils in the drainage area consisted of the Volga, Estelline,
and Athelwold types. Agricultural use of the watershed was inten-
sive, with approximately 76 percent of the drainage in cropland, 17
percent in hayland and pasture, and 7 percent in other uses (S. D.
Crop and Livestock Reporting Service 1971). About 40 people resided
in the drainage area.
The discharge of water at Station 4 ranged from 0.0 to 0.35 m 3/s
during the study-year. Average discharge of water during the flow
period (March 14, 1972 - November 8, 1972) was 0.07 m3 /s. Total
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discharge of water at Station 4 was 1,290 x 10 3 m3 ( Table 1), or 81 x
3 3 210 m /km of drainage area.
TP concentration during the period of stream flow ranged from
0.34 to 2.80 mg/L, averaging 1.05 mg/L (Fig. 12). Orthophosphate con-
centration ranged from 0.03 to 0.97 and averaged 0.38 mg/L (Fig. 3).
TP flow ranged from 0.007 to 0.76 g/s, with an average of 0.09 g/s.
Orthophosphate flow ranged from 0.001 to 0.35 g/s and averaged 0.04
g/s. TP and orthophosphate loads transported at Station 4 by Drainage
M were 1,830 and 730 kg, respectively (Tables 2, 3). This was 114 kg
TP/km- of drainage area and 46 kg orthophosphate/km 2 of drainage area.
The dissolved fraction averaged 73 percent of the TP content.
TON concentration ranged from 0.44 to 1.50 mg/L, with an average
of 0.85 mg/L during the flow period (Fig. 13). TON flow ranged from
0.006 to 0.05 g/s and averaged 0.07 g/s. TON load transported at
Station 4 during the study period was 1,400 kg (Table 4), representing
88 kg TON/km
2
of drainage area. Eighty-three percent of the TON con-
tent was in the dissolved state.
TOC concentration ranged from 3.56 to 17.54 mg/L and averaged
8.66 mg/L (Fig. 14). TOC flow ranged from 0.05 to 6.18 g/s and
averaged 0.77 g/s during the flow period. The TOC load transported
at Station 4 was 14,260 kg (Table 5), or 891 kg TOC/km 2 of drainage
area. The dissolved fraction averaged 87 percent of the TOC content.
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Figure 12. Concentration and flow of phosphate at Station 4 on Drainage M, South Dakota,
March 1972-November 1972.
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Figure 13. Concentration and flow of organic nitrogen at Station 4 on Drainage M, South Dakota,
March 1972-November 1972.
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Figure 14 . Concentration and flow of organic carbon at Station 4 on Drainage M, South Dakota,
March 1972-November 1972.
— Total Organic Carbon
-- Dissolved Organic Carbon
--- Particulate Organic Carbon
J A S U N
Months
36
No discharge of water and no nutrient transport occurred during
Period I. During Period II, the creek transported 67 percent of the
annual TP load, 67 percent of the TON load, 68 percent of the TOC
load, and 67 percent of the total water discharge. Thirty-three per-
cent of the TP load, 33 percent of the TON load, 32 percent of the TOC
load, and 33 percent of the total water discharge was transported during
Period III. The particulate fraction of all nutrients was generally
highest in the spring due to the materials washed in by the spring
run-off. The carbon:nitrogen:phosphate ratio of the total amounts of
these nutrients transported at Station 4 was 7.79:0.77:1.0.
Urban Run-off and Sewage of Brookings, S. D. (Station 5)
The city of Brookings was located in the south-central section of
Brookings County. It was the largest city in the county having a popu-
lation of 13,717 people (Riley et al. 1972). The city covered an area
of approximately 10 km2 and had no major industrial development or in-
dustrial pollution. The Brookings sewage plant provided secondary-
mechanical treatment of wastes, with 90 percent removal of BOD (Matthew
1968). The storm and sewer drainage systems were separate. Benzie and
Courchaine (1966) stated that the nitrogen and phosphate discharges from
a separate sewer and storm drain system are one-fourth to one-third as
high as a combined sewer and storm drain system. Both the storm and
sewage systems drain into Six Mile Creek at the southwestern edge of
Brookings, about 4.8 km from the Big Sioux River.
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The discharge of water in Six Mile Creek below the sewage and
storm systems ranged from 0.07 to 5.85 m3/s, with an average flow
of 0.69 m 3/s. Average water discharge, average nutrient concentrations,
and average nutrient flows were smaller at Station 5 than at Station
2, because Station 5 was sampled at 2-week intervals while Station
2 was sampled every week (Fig. 1). The 2-week sampling procedure
missed some of the rapid run-off from rainstorms, while the weekly
sampling did not. The total amount of nutrients contributed by
Brookings to Six Mile Creek was calculated as the difference between
the total amount of nutrients transported at Station 2 and Station 5.
8i-monthly data was used at both stations to determine the total amount
of nutrients transported at each station during the study period.
Values obtained by this method were considered minimum values. The
total water discharge of Brookings into Six-Mile Creek was 4,590 x
3 3 3 3(Table 1). This was a discharge of 0.33 x 10 m10 m /person or
460 x 10 3 m3/km2 of drainage area.
TP concentration in Six Mile Creek after entrance of the city
effluents ranged from 4.30 to 48.00 mg/L and averaged 17.12 mg/L
(Fig. 15). During the study period orthophosphate concentration
ranged from 1.61 to 26.20 mg/L and averaged 11.25 mg/L (Fig. 3). TP
flow ranged from 1.08 to 28.08 g/s and averaged 4.67 g/s. Orthophos-
phate flow ranged from 0.70 to 9.94 g/s and averaged 2.94 g/s. TP and
orthophosphate loads added to Six Mile Creek by Brookings were 77,640
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Figure 15. Concentration and flow of phosphate at Station 5 on Six Mile Creek,
South Dakota, November 1971-November 1972.
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and 40,220 kg, respectively (Tables 2, 3). This was 5.66 kg TP/person
or 7.760 kg TP/km2 of drainage area. Orthophosphate added amounted to
2.93 kg/person or 4,020 kg/lon g of drainage area. The dissolved frac-
tion averaged 71 percent of the TP content.
TON concentration ranged from 1.18 to 4.76 mg/L and averaged 2.10
mg/L during the study period (Fig. 16). TON flow ranged from 0.20 to
9.83 g/s and averaged 1.14 g/s. The total amount of TON added to Six
Mile Creek at Station 5 was 9,740 kg (Table 4). This was 0.71 kg TON/
person or 970 kg TON/km 2 of drainage area. The amount of ammonia
nitrogen added to the creek was 29,470 kg (Table 3). TON and ammonia
nitrogen loads added together gave Kjeldahl nitrogen added to the creek
as being 39,210 kg. This was 2.85 kg of Kjeldahl nitrogen/person or
3,920 kg/km 2 of drainage area. The dissolved organic nitrogen fraction
averaged 60 percent of the TON content.
Ammonia nitrogen is very important when calculating the amount of
nitrogen added to a body of water by sewage because ammonia is one of
the decomposition products in breakdown of organic nitrogen. Most of
the nitrogen originally present in sewage is in the form of organic
nitrogen. As time progresses, the organic nitrogen is converted to
ammonia nitrogen, and then to nitrites and nitrates if aerobic con-
ditions are present (Sawyer and McCarty 1967).
The TOC concentration of Six Mile Creek below the sewage storm
systems ranged from 9.08 to 49.86 mg/L, with an average of 17.74 mg/L
40
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Figure 16 Concentration and f low of nitrogen
Dakota, November 1971-November 1972.
at Station 5 on Six Mile Creek, South
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(Fig. 17). The TOC flow ranged from 1.25 to 106.6 g/s and averaged
10.93 g/s. The TOC load added to the creek by Brookings was 76,020
kg (Table 5). This was 5.54 kg TOC/person or 7,600 kg TOC/km2 of
drainage area. The dissolved fraction of the TOC content averaged
55 percent.
Brookings contributed 27 percent of the annual TP load, 15 per-
cent of the annual TON load, 17 percent of the TOC load, and 16 per-
cent of the total water discharge during Period I. During Period II,
the city contributed 46 percent of the TP load, 52 percent of the
TON load, 55 percent of the TOC load, and 57 percent of the total
water discharge. Twenty-seven percent of the TP load, 33 percent of
the TON load, 28 percent of the TOC load, and 27 percent of the total
water discharge were added during Period III. The particulate fraction
of the TON and TOC content was highest during the summer and the fall
due to the large amount of algae and plant matter produced within the
stream, resulting in a large amount of suspended organic material. The
particulate phosphate fraction was highest in the spring due to the
large amount of particulate inorganic phosphate contributed by soil and
bank erosion. The carbon:nitrogen:phosphate ratio of total amounts of
these nutrients contributed by Brookings was 0.98:0.50:1.0.
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Figure 17 . Concent
ration and flow of organic carbon at Station 5 on Six Mile Creek,
South Dakota, November 1971-November 1972.
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CONCLUSIONS
A comparison of three agricultural drainage areas with similar
livestock and land use suggests that the amount of nutrient loss from
a watershed is related to the amount of water discharge per square
kilometer of drainage area. The Six Mile Creek watershed had the
second largest drainage area, second largest total water discharge, and
the second largest total nutrient loss, but had the largest water dis-
charge and nutrient loss per square kilometer of drainage area. North
Deer Creek watershed had the largest drainage area, largest total water
discharge, and largest total nutrient loss, but had the second largest
water discharge and nutrient loss per square kilometer of drainage
area. Drainage M had the smallest drainage area, smallest total water
discharge, and the smallest total nutrient loss. It also had the
smallest water discharge and nutrient loss per square kilometer of
drainage area.
The total amount of nutrients lost from a watershed depends on the
size of the watershed, but the nutrient loss per square kilometer of
drainage area seems to depend on the amount of water discharged per
square kilometer of drainage area. The varying discharge of water per
square kilometer of drainage area may be related to the amount of snow-
fall on the drainage area or the amount and speed of rainfall in the
e
spring. Increased discharge of water per square kilometer of drainage
area may increase the amount of organic material and soil washed into
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a stream, thus increasing the nutrient loss from the watershed. Basic
soil and water conservation practices of reducing soil erosion and
surface water run-off would decrease the nutrient loss from watersheds,
thus reducing the nutrient pollution of streams draining those water-
sheds.
A least squares analysis of variance of the amount of orthophos-
phate lost per square kilometer of drainage area per month showed a
highly significant difference (P<0.01) between stations (2, 3, 4),
months, and station by month interaction. This means there was a sig-
nificant difference between stations in the amount of orthophosphate
lost per square kilometer per month. There was also a significant dif-
ference between months in the amount of orthophosphate lost per square
kilometer. Station by month interaction means different stations acted
differently at different months.
The carbon:nitrogen:phosphate ratios of total amounts of nutrients
lost from the agricultural drainage areas were quite similar (6.30:
0.83:1.0; 7.37:0.81:1.0; 7.79:0.77:1.0), showing that the proportion
of nutrients transported by the creeks draining the agricultural areas
was similar to the proportion of nutrients transported by the Big Sioux
River (6.97:0.77:1.0).
The carbon:nitrogen:phosphate ratio of the amount of nutrients
contributed by Brookings (0.98:0.50:1.0) shows how the large amount of
phosphate added by sewage and storm drain effluents distorts the nutrient
45
ratio. The carbon ratio was affected the most because most sewage
wastes are nutritionally unbalanced in that they are usually deficient
in organic carbon (Mitchell 1972). The amount of total phosphate and
orthophosphate contributed by each person in Brookings was approxi-
mately 5.66 and 2.93 kg annually, respectively. Mitchell (1972) gives
9 g of phosphate per day or 3.3 kg of phosphate per year as a reason-
able figure for the amount of phosphate in municipal sewage. Mitchell
does not state whether this is TP or orthophosphate release. The
standard value of 3.3 kg per year does not contain the phosphate added
by urban run-off which the study TP value does. This may be one
reason why the study TP value is higher than the standard if the
standard value is in terms of TP. The amount of nutrients contributed
per square kilometer of city drainage area was much higher than any of
the agricultural areas. Treatment of the sewage effluent for removal
of nutrients would help decrease the amount of nutrient pollution in
Six Mile Creek and the Big Sioux River.
The transport of nutrients by the Big Sioux River was greatest in
the spring because of the large amount of nutrients carried into the
river by the melting snow and rainwater draining off agricultural and
municipal sources. The nutrient load in the river and at all stations
varied much more with the amount of water discharge than with the
nutrient concentration. The largest water discharge occurred in the
spring at all stations, thus the largest nutrient load transported was
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in the spring. With an average orthophosphate (inorganic phosphate)
concentration of 0.67 mg/L, the Big Sioux River has a phosphate level
far greater than the limiting level (0.015 mg/L of (P) or 0.045 mg/L
of (PO4 )) for algae blooms (Sawyer 1969). At no time during the study
was the orthophosphate level in the river below the limiting level.
The three agricultural areas combined, contributed 16 percent of
the total annual phosphate load, 17 percent of the total annual organic
nitrogen load, 15 percent of the total annual organic carbon load, none
of the ammonia load, and 15 percent of the total annual water discharge
transported by the Big Sioux River. The city of Brookings contributed
10 percent of the total annual phosphate load, 2 percent of the total
annual organic nitrogen load, 1 percent of the total annual organic
carbon load, 75 percent of the ammonia load, and 1 percent of the total
annual water discharge of the Big Sioux River. This, again, indicates
the phosphate rich and organic carbon deficient nature of sewage and
storm drain effluent. The percentages of nutrients not accounted for
by the municipal and agricultural sources are considered to have been
present within the river before the addition of nutrients from the
selected sources occurred.
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Table 6. Nutrient concentrations and water discharge at Station 1 on the Big Sioux
River, South Dakota, November 1971 - November 1972.
Organic Carbon Phosphate Nitrogen
(mg/L) (mg/L) (mg/L)
Water Total Dis-
Discharge dis- Total solved
Date (m3/s) Total Dissolved Ortho Total solved organic organic NH3
11-9-71 1.76 8.51 5.71 1.63 2.48 2.32 0.90 * 1.53
11-20-71 22.17 7.33 4.24 1.66 3.00 2.60 0.82 * 1.10
12-7-71 1.95 5.90 4.54 1.13 1.52 1.28 0.41 * 0.00
12-19-71 1.63 5.48 5.23 1.39 1.92 1.60 0.65 * 0.56
1-4-72 0.71 5.74 4.85 1.04 1.84 0.84 0.61 * 0.00
1-18-72 0.32 4.51 2.98 0.73 1.36 1.04 0.46 * 0.00
2-1-72 ** 3.44 2.93 0.34 1.36 1.04 0.48 * 0.00
2-15-72 ** 5.78 4.75 0.31 0.68 0.36 0.56 * 0.00
2-29-72 ** 4.54 3.53 0.34 0.48 0.40 0.67 .37 0.00
3-14-72 17.68 17.00 12,79 1.31 3.12 2.08 1.26 1.10 0.56
3-28-72 11.31 12.35 8.56 0.56 2.08 1.36 1.17 1.16 0.00
4-11-72 13.95 9.80 6.81 0.37 2.08 1.64 1.32 0.80 0.00
4-25-72 20,09 11.45 5.73 0.17 2.16 0.84 1.15 0.52 0.94
5-9-72 36.23 10.73 8.23 0.29 0.80 0.78 1.05 0.86 0.00
5-23-72 28.43 11.70 8.24 0.56 1.92 0.96 1.04 0.50 0.00
6-6-72 38.56 10.11 8.31 0.69 2.04 1.16 0.90 0.89 0.00
6-20-72 66.00 13.46 7.57 0.77 1.48 1.40 1.38 1.28 0.00
7-5-72 20.94 16.08 8.58 0.42 2.20 0.92 2.39 0.90 0.00
7-18-72 22.59 17.50 11.38 0.72 3.16 1.12 2.43 1.17 0.00
8-1-72 23.91 16.48 9.30 0.66 2.24 0.84 2.05 1.05 0.00
8-14-72 7.94 17.29 9.02 0.66 1.44 0.44 2.39 1.08 0.00
8-29-72 9.07 15.09 10.02 0.36 0.96 0.35 1.77 1.03 0.00
9-12-72 5.46 16.87 9.55 0.31 1.38 0.42 1.87 1.07 0.00
9-26-72 4.32 12.99 7.05 0.28 1.10 0.76 1.68 0.90 0.00
10-10-72 4.40 13.27 8.64 0.45 1.72 0.74 1.90 1.02 0.00
10-25-72 3.85 10.85 8.89 0.41 1.44 0.54 1.43 0.94 0.00
11-8-72 5.03 10.11 7.59 0.63 1.40 0.80 1.46 0.85 0.00
*No separation of dissolved from particulate fractions
**No discharge measured due to ice blockage
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Table 7. Nutrient concentrations and water discharge at Station 2 on Six Mile Creek,
South Dakota, March 1972 - November 1972.
Organic Carbon Phosphate Nitrogen
(mg/L) (mg/L) (mg/L)
Water
Discharge Total Total Dissolved
Date m3/s Total Dissolved Ortho Total Dissolved Organic Organic NH3
3-14-72 5.85 18.00 13.13 1.40 3.68 2.40 1.68 1.20 0.00
3-21-72 0.78 10.38 8.85 0.76 1.54 1.18 1.40 1.14 0.00
3-28-72 0.32 8.23 7.67 0.43 1.34 0.96 1.21 0.85 0.00
4-5-72 0.12 7.91 5.47 0.10 1.96 1.88 1.00 0.86 0.00
4-11-72 0.49 48.84 6.96 0.26 4.32 1.20 2.62 0.65 0.00
4-18-72 0.40 11.33 6.43 0.04 0.66 0.36 1.18 1.09 0.00
4-25-72 0.43 9.19 6.66 0.03 0.92 0.84 0.43 0.37 0.00
5-3-72 6.04 10.47 8.31 0.19 2.48 1.60 1.38 0.90 0.00
5-9-72 0.47 9.24 7.16 0.10 0.58 0.44 0.86 0.79 0.00
5-16-72 0.60 9.29 8.49 0.06 0.50 0.34 0.82 0.67 0.00
5-23-72 1.42 15.69 10.24 1.93 4.00 3.30 1.10 0.70 0.00
5-30-72 21.81 13.93 8.61 0.41 1.92 1.12 2.30 0.84 0.00
6-6-72 0.59 8.80 5.90 0.57 1.64 1.40 1.18 1.16 0.00
6-14-72 0.27 9.68 6.94 0.34 1.28 1.04 1.12 0.79 0.00
6-20-72 0.48 10.20 7.33 0.55 1.52 1.12 1.40 1.30 0.00
6-27-72 0.26 11.70 6.33 0.26 0.96 0.52 1.12 0.93 0.00
7-10-72 0.19 9.50 7.71 0.50 2.64 2.00 1.50 0.94 0.00
7-18-72 0.25 11.82 7.45 0.32 1.32 1.20 1.35 0.80 0.00
7-24-72 0.75 13.14 9.03 0.31 1.36 0.88 1.13 1.05 0.00
8-1-72 0.62 9.57 8.36 0.33 1.64 1.20 1.21 0.81 0.00
8-8-72 0.17 8.91 7.01 0.29 0.62 0.40 1.26 1.00 0.00
8-14-72 0.12 10.14 5.87 0.24 0.44 0.24 1.31 0.49 0.00
8-22-72 0.13 13.39 5.64 0.55 1.42 0.54 1.68 0.96 0.00
8-29-72 0.07 8.21 5.68 0.29 0.80 0.48 1.05 0.63 0.00
9-5-72 0.04 8.83 4.70 0.39 1.62 1.18 1.59 0.73 0.00
9-12-72 0.03 12.01 6.86 0.71 2.20 1.46 1.65 1.21 0.00
9-26-72 0.01 7.24 61.4 0.11 0.46 0.42 0.93 0.60 0.00
10-10-72 0.06 8.19 6.14 0.14 0.80 0.42 0.91 0.67 0.00
10-25-72 0.03 7.32 4.43 0.03 0.38 0.32 0.56 0.54 0.00
11-8-72 0.22 5.70 3.80 0.05 0.52 0.46 0.63 0.42 0.00
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Table 8. Nutrient concentrations and water discharge at Station 3, North Deer Creek,
South Dakota, March 1972 - November 1972.
Organic Carbon Phosphate Nitrogen
(mg/L) (mg/L) (mg/L)
Water
Discharge Total Total Dissolved
Date m3/s Total Dissolved Ortho Total Dissolved Organic Organic NH3
3-14-72 3.98 16.97 13.41 1.04 3.00 1.76 1.36 1.17 0.00
3-21-72 1.56 9.25 8.31 0.62 1.39 1.02 1.13 1.10 0.00
3-28-72 0.95 8.63 7.71 0.24 0.72 0.68 0.88 0.84 0.00
4-5-72 0.55 7.20 6.93 0.07 1.88 1.24 1.25 1.13 0.00
4-11-72 0.42 5.85 5.31 0.05 1.04 1.00 0.67 0.52 0.00
4-18-72 1.33 9.80 7.48 0.03 0.50 0.36 1.13 0.95 0.00
4-25-72 1.68 9.21 9.07 0.03 0.84 0.60 0.75 0.74 0.00
5-3-72 6.65 11.93 9.89 0.26 1.48 0.84 1.44 1.15 0.00
5-9-72 1.52 7.24 7.12 0.05 0.40 0.38 0.75 0.68 0.00
5-16-72 2.55 11.19 10.88 0.10 0.42 0.34 0.98 0.97 0.00
5-23-72 1.51 11.69 9.56 0.47 1.56 0.96 0.64 0.58 0.00
5-30-72 14.20 16.96 7.06 0.34 2.36 0.96 2.35 0.63 0.00
6-6-72 1.48 9.54 9.35 0.74 5.20 1.76 0.89 0.79 0.00
6-14-72 0.47 10.26 7.80 0.41 1.56 0.64 1.03 0.70 0.00
6-20-72 11.57 14.25 9.32 0.63 1.72 1.32 1.45 1.18 0.00
6-27-72 0.84 13.97 8.80 0.48 1.24 1.12 1.11 1.06 0.00
7-10-72 1.25 14.22 8.96 0.79 3.28 1.44 1.88 1.32 0.00
7-18-72 0.72 18.16 10.11 0.60 2.00 1.12 1.69 1.12 0.00
7-24-72 3.27 14.42 11.27 0.47 1.44 0.89 1.37 1.18 0.00
8-1-72 1.75 13.81 9.29 0.90 2.08 1.61 1.12 0.88 0.00
8-8-72 0.49 11.10 7.10 0.67 1.40 0.90 1.37 0.96 0.00
8-14-72 0.20 15.46 6.08 0.36 1.82 0.48 1.83 0.65 0.00
8-22-72 0.22 10.21 6.68 0.59 1.64 1.30 1.26 0.87 0.00
8-29-72 0.29 12.58 8.64 0.07 0.80 0.50 1.32 0.73 0.00
9-5-72 0.05 9.07 6.94 0.12 0.78 0.46 0.99 0.56 0.00
9-12-72 0.02 12.35 7.88 0.13 0.74 0.40 1.00 0.70 0.00
9-26-72 0.01 6.26 6.12 0.06 0.60 0.38 0.71 0.47 0.00
10-10-72 0.09 13.10 7.38 0.08 1.26 0.36 0.83 0.61 0.00
10-25-72 0.06 8.40 6.34 0.02 0.50 0.22 1.01 0.84 0.00
11-8-72 0.46 7.52 7.28 0.18 0.80 0.32 0.74 0.65 0.00
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Table 9. Nutrient concentrations and water discharge at Station 4 on Drainage M, South
Dakota, March 1972 - November 1972.
Organic Carbon Phosphate Nitrogen
(mg/L) (mg/L) (mg/L)
Water
Discharge Total Total Dissolved
Date m Is Total Dissolved Ortho Total Dissolved Organic Organic NH3
3-14-72 0.35 17,52 13.31 0.97 2.16 1.60 1.42 1.17 0.00
3-21-72 0.03 10,47 9.01 0.34 1.02 0.98 1.13 1.10 0.00
3-28-72 0.02 6.77 6.51 0.10 0.88 0.84 0.61 0.52 0.00
4-5-72 0.01 3.56 3.16 0.03 1.24 1.16 0.91 0.83 0.00
4-11-72 0.05 3.96 3.82 0.05 0.64 0.56 0.51 0.48 0.00
4-18-72 0.02 5.85 4.22 0.03 0.34 0.28 0.65 0.57 0.00
4-25-72 0.02 6.02 5.35 0.03 0.96 0.40 0.56 0.43 0.00
5-3-72 0.18 12,53 8.89 0.52 1.48 0.84 1.50 1.03 0.00
5-9-72 0.02 6.69 5.45 0.16 0.58 0.52 0.62 0.56 0.00
5-16-72 0.01 10.32 8.33 0.18 0.54 0.48 0.78 0.64 0.00
5-23-72 0.12 14.08 12.22 0.47 1.16 1.04 0.80 0.58 0.00
5-30-72 0.04 8.89 7.49 0.42 1.04 0.96 0.93 0.70 0.00
6-6-72 0.17 8.57 7.74 0.40 1.64 1.24 0.87 0.61 0.00
6-14-72 0.15 9.86 9.04 0.45 0.84 0.80 0.98 0.79 0.00
6-20-72 0.21 8.91 7.95 0.43 1.16 1.00 0.97 0.93 0.00
6-27-72 0.03 8.06 6.85 0.50 2.80 0.72 0.93 0.62 0.00
7-10-72 0.24 9.11 8.98 0.60 1.52 0.72 0.98 0.89 0.00
7-18-72 0.03 8.48 8.21 0.59 1.44 1.20 0.95 0.73 0.00
7-24-72 0.02 10.04 8.39 0.64 1.12 0.74 1.37 1.18 0.00
8-1-72 0.02 9.41 8.47 0.52 1.20 1.19 0.84 0.67 0.00
8-8-72 0.06 10,27 5.98 0.45 0.68 0.44 0.93 0.91 0.00
8-14-72 0.05 8.43 7.61 0.50 0.82 0.64 0.98 0.69 0.00
8-22-72 0.09 11.12 9.42 0.66 1.12 0.90 0.93 0.81 0.00
8-29-72 0.01 10.61 9.34 0.52 0.72 0.70 0.77 0.75 0.00
9-5-72 0.02 8.67 7.60 0.41 0.98 0.80 0.59 0.55 0.00
9-12-72 0.02 8.69 8.42 0.45 0.60 0.56 0.81 0.67 0.00
9-26-72 0.01 6.12 5.96 0.40 1.08 0.64 0.51 0.50 0.00
10-10-72 0.02 6.70 6.16 0.34 0.90 0.56 0.77 0.70 0.00
10-25-72 0.01 5.94 4.43 0.17 0.50 0.40 0.51 0.49 0.00
11-8-72 0.02 4.27 4.13 0.19 0.60 0.58 0.44 0.32 0.00
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Table 10. Nutrient concentrations and water discharge at Station 5 on Six Mile Creek,
South Dakota, November 1971 - November 1972.
Organic Carbon Phosphate Nitrogen
(mg/L) (mg/L) (mg/L)
Water
Discharge Total Total Dissolved
Date m3/s Total Dissolved Ortho Total Dissolved Organic Organic NH3
11-9-71 0.09 18.68 10,29 20.00 26.80 23.60 2.52 *** 21.16
11-20-71 0.13 14,39 8.21 17.40 27.60 25.20 1.82 *** 18.31
12-7-71 0.18 15.94 7.26 20.80 27.20 25.60 1.62 *** 22.26
12-19-71 0.16 18.22 10.62 23.50 29,20 24.60 1.79 *** 23.80
1-4-72 ** 20.16 12.41 24.40 36.40 29.60 2.07 *** 26.76
1-18-72 ** 24.43 12.21 22.60 36.80 29.20 2.01 *** 28.14
2-1-72 ** 49.86 24.11 26.20 48.00 40.20 4.76 *** 32.67
2-15-72 * * * * * * * * *
2-29-72 * * * * * * * * *
3-14-72 5.85 18.23 13.52 1.68 4.80 2.96 1.68 1.15 0.97
3-28-72 0.38 16.63 12.63 4.72 7.30 5.90 1.26 1.11 4.10
4-11-72 0.49 20.38 13.60 5.20 10.80 3.00 2.62 0.84 2.36
4-25-72 0.43 10.83 5.16 2.90 6.30 3.80 1.17 0.75 1.13
5-9-72 0.81 9.24 7.16 2.05 5.40 3.60 1.17 0.96 0.00
5-23-72 2.27 15.69 10.13 2.08 5.30 3.90 1.60 0.77 0.00
6-6-72 0.83 9.08 7.84 2.15 4.30 2.80 1.18 1.16 0.00
6-20-72 0.77 10.89 6.51 2.20 5.00 4.10 1.57 1.35 0.00
7-5-72 0.26 9.86 6.25 3.70 7.80 5.10 1.37 1.05 0.75
7-18-72 0.55 15.41 8.18 1.61 5.50 2.40 1.49 1.16 0.00
8-8-72 0.47 15.34 7.61 2.03 4.65 2.95 2.08 1.09 0.00
8-29-72 0.14 21.35 4.44 4.80 7.40 4.10 2.86 1.04 0,00
9-12-72 0.07 16.05 9.95 13.80 19.00 16.40 2.58 1.55 6.44
9-26-72 0.08 18.77 6.12 15.90 22.60 21.60 3.24 1.32 8.00
10-10-72 0.09 17.73 5.75 19.10 27.00 22.00 2.79 1.31 9.33
10-25-72 0.09 18.55 3.18 14.70 24.10 19.60 3.36 1.47 11.11
11-8-72 0.28 19.67 15.04 7.40 11.70 11.00 1.87 0.84 5.87
*No water flow
**No discharge measured due to ice blockage
***No separation of dissolved from particulate fractions
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Table 11. Chemical properties of water at Station 1 on the Big Sioux River, South
Dakota, November 1971 - November 1972.
Alkalinity Hardness
Dissolved
Oxygen Pheno. Methyl Mg Ca Total Chloride
Date (mg/L) (mg/L) (mg/L) pH (mg/L) (mg/L) (mg/L) (mg/L)
11-9-71 13.2 0 320 8.3 180 250 430 45
11-20-71 10.2 0 310 7.9 230 250 480 50
12-7-71 9.8 0 350 8.5 150 350 500 35
12-19-71 10.0 0 390 8.0 150 350 500 40
1-4-72 7.6 0 360 7.5 160 350 510 35
3-18-72 5.8 0 360 7.3 160 330 490 30
2-1-72 6.4 0 350 7.2 130 370 500 30
2-15-72 5.2 0 340 7.4 150 310 460 20
2-29-72 8.8 0 270 7.3 140 290 430 20
3-14-72 9.6 0 80 7.2 30 60 90 12
3-28-72 9.2 0 180 7.8 40 190 330 25
4-11-72 12.0 0 210 7.7 80 200 280 20
4-25-72 12.2 0 220 8.3 150 230 380 25
5-9-72 8.8 0 250 8.2 160 210 370 15
5-23-72 5.6 0 240 8.0 140 200 340 20
6-6-72 6.0 0 260 8.0 130 210 340 12
6-20-72 6.0 0 190 7.8 110 150 260 15
7-5-72 4.8 0 240 8.2 200 160 360 25
7-18-72 4.0 0 240 7.9 220 190 410 25
8-1-72 4.4 0 250 8.1 140 200 340 20
8-14-72 5.2 0 250 8.2 150 250 400 20
8-29-72 4.0 0 250 8.3 160 200 360 30
9-12-72 7.0 0 250 8.3 190 200 390 30
9-26-72 9.0 10 250 8.4 170 200 370 35
10-10-72 8.0 30 250 8.5 160 230 390 30
10-25-72 10.0 0 250 8.3 200 190 390 35
11-8-72 13.4 0 290 8.3 170 250 420 35
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Table 12. Chemical properties of water at Station 2 on Six Mile Creek, South
Dakota, March 1972 - November 1972.
Alkalinity Hardness
Dissolved
Oxygen Pheno. Methyl Mg Ca Total Chloride
Date (mg/L) (mg/L) (mg/L) pH (mg/L) (mg/L) (mg/L) (mg/L)
3-14-72 9.6 0 100 7.2 60 70 130 12
3-23-72 9.8 0 125 7.4 50 140 190 10
3-28-72 11.0 0 180 7.7 100 200 300 25
4-5-72 10.4 0 210 8.1 100 250 350 25
4-11-72 10.6 0 120 7.3 90 80 170 25
4-18-72 12.4 0 210 8.1 120 240 360 15
4-25-72 12.4 0 200 8.2 130 250 380 20
5-3-72 8.4 0 200 8.0 200 260 460 10
5-9-72 11.4 0 210 8.2 150 250 400 25
5-16-72 9.6 0 230 8.2 100 250 350 15
5-23-72 5.0 0 130 8.0 90 140 230 30
5-30-72 6.2 0 170 8.0 70 180 250 10
6-6-72 4.2 0 260 8.0 150 250 400 25
6-14-72 3.4 0 250 8.0 160 260 420 20
6-20-72 6.8 0 200 8.0 110 240 350 25
6-27-72 3.6 0 230 7.9 170 230 400 15
7-10-72 3.6 0 240 7.9 180 250 430 35
7-18-72 4.6 0 240 7.9 180 260 440 85
7-24-72 4.0 0 260 7.8 170 260 430 20
8-1-72 4.0 0 250 8.1 170 240 410 20
8-8-72 5.4 0 280 8.2 150 260 410 25
8-14-72 3.2 0 240 7.9 150 250 400 25
8-22-72 4.6 0 180 7.7 100 180 280 50
8-29-72 5.8 0 230 8.1 190 250 440 60
9-5-72 6.6 0 260 8.0 220 260 480 50
9-12-72 5.0 0 250 8.0 220 270 490 40
9-26-72 7.6 0 230 8.1 230 230 460 15
10-10-72 6.0 0 250 8.1 220 250 470 10
10-25-72 9.2 0 220 8.2 230 220 450 15
11-8-72 12.2 0 250 8.2 200 250 450 20
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Table 13. Chemical properties of water at Station 3 on North Deer Creek, South
Dakota, March 1972 - November 1972.
Alkalinity Hardness
Dissolved
Oxygen Pheno. Methyl Mg Ca Total Chloride
Date (mg/L) (mg/L) (mg/L) pH (mg/L) (mg/L) (mg/L) (mg/L)
3-14-72 10.0 0 90 7.3 30 50 80 10
3-23-72 9.4 0 130 7.4 40 130 170 10
3-28-72 10.6 0 220 7.5 90 210 300 25
4-5-72 10.0 0 250 8.2 110 230 340 10
4-11-72 6.0 0 250 7.7 120 240 360 15
4-18-72 8.8 0 230 7.6 120 230 350 35
4-25-72 13.0 0 290 8.2 190 260 450 10
5-3-72 7.2 0 190 8.0 170 150 320 5
5-9-72 11.6 0 250 8.2 140 260 400 10
5-16-72 8.4 0 290 8.2 190 250 440 10
5-23-72 5.2 0 260 8.0 180 210 390 10
5-30-72 7.2 0 120 8.0 70 100 170 5
6-6-72 4.6 0 290 8.0 140 250 390 5
6-14-72 5.0 0 320 8.0 160 240 400 5
6-20-72 6.6 0 130 7.8 80 100 1S0 5
6-27-72 3.6 0 320 7.9 220 240 460 5
7-10-72 3.4 0 220 7.9 110 140 250 5
7-18-72 3.2 0 320 8.1 130 250 380 10
7-24-72 3.6 0 200 7.7 110 140 250 10
8-1-72 3.2 0 230 7.7 100 150 250 10
8-8-72 5.0 0 360 8.2 170 240 410 10
8-14-72 2.6 0 320 8.1 160 250 410 10
8-22-72 3.8 0 300 7.9 150 250 400 10
8-29-72 6.6 0 290 8.2 180 220 400 10
9-5-72 5.8 0 300 8.2 200 250 450 15
9-12-72 4.8 0 300 8.1 180 250 430 10
9-26-72 8.6 0 320 8.1 180 250 430 10
10-10-72 8.6 0 290 8.2 200 250 450 15
10-25-72 11.0 0 310 8.3 190 250 440 10
11-8-72 13.8 0 320 8.2 250 250 500 20
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Table 14. Chemical properties of water at Station 4 on Drainage M, South Dakota,
March 1972 - November 1972.
Alkalinity Hardness
Dissolved
Oxygen Pheno. Methyl Mg Ca Total Chloride
Date (mg/L) (mg/L) (mg/L) pH (mg/L) (mg/L) (mg/L) (mg/L)
3-11-72 9.0 0 70 7.2 40 50 90 10
3-23-72 9.0 0 230 7.6 120 220 340 20
3-28-72 13.4 0 280 7.8 140 250 390 15
4-5-72 12.6 0 320 8.0 150 300 450 20
4-11-72 10.6 0 310 7.5 100 310 410 15
4-18-72 11.2 0 330 7.8 160 280 440 15
4-25-72 15.0 0 290 8.3 140 250 390 10
5-3-72 7.2 0 150 7.9 70 140 210 5
5-9-72 16.8 0 270 8.3 140 250 390 10
5-16-72 17.4 0 310 8.3 140 250 390 5
5-23-72 6.4 0 250 8.0 90 180 270 5
5-30-72 7.2 0 320 8.0 130 200 330 10
6-6-72 7.2 0 400 8.0 180 260 440 5
6-14-72 5.8 0 440 8.0 170 270 440 10
6-20-72 6.6 0 200 7.8 100 130 230 5
6-27-72 5.0 0 360 8.0 130 250 380 5
7-10-72 5.6 0 400 8.1 150 300 450 5
7-18-72 6.6 0 390 8.2 170 250 420 10
7-24-72 4.2 0 350 7.8 130 230 360 10
8-1-72 6.2 0 410 8.0 170 250 420 5
8-8-72 6.0 0 360 8.1 170 250 420 10
8-14-72 2.0 0 400 7.6 170 260 430 10
8-22-72 2.0 0 370 7.9 130 250 380 20
8-29-72 4.0 0 390 8.2 150 250 400 10
9-5-72 2.4 0 390 8.1 150 250 400 10
9-12-72 4.8 0 400 8.0 180 250 430 10
9-26-72 5.0 0 400 8.2 170 250 420 10
10-10-72 6.6 0 340 8.1 150 250 400 15
10-25-72 11.0 0 340 8.0 160 250 410 15
11-8-72 13.8 0 320 8.2 120 250 370 15
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Table 15. Chemical properties of water at Station 5 on Six Mile Creek, South
Dakota, November 1971 - November 1972.
Alkalinity Hardness
Dissolved
Mg Ca Total ChlorideOxygen Pheno. Methyl
Data (mg/L) (mg/L) (mg/L) pH (mg/1,) (mg/L) (mg/L) (mg/L)
11-9-71 14.2 0 370 8.0 240 350 590 300
11 -20-71 12.2 0 310 8.0 220 280 500 275
12-7-71 10.0 0 350 7.6 240 340 580 285
12-19-71 8.4 0 410 8.0 270 350 620 250
1-4-72 4.8 0 500 7.5 230 350 580 285
1-18-72 2.0 0 400 7.5 210 350 560 290
2-1-72 1.0 0 410 7.4 200 350 550 180
2-15-72 No flow (Ice blockage)
2-29-72 No flow (Ice blockage)
3-74-72 9.4 0 100 7.2 60 70 130 12
3-28-72 8.6 0 180 7.3 120 220 340 55
4-11-72 10.0 0 210 7.5 140 250 390 85
4-25-72 14.8 0 210 8.3 170 250 420 90
5-9-72 9.6 0 230 8.2 150 290 440 120
5-23-72 5.6 0 170 8.0 150 190 340 90
6-6-72 4.0 0 280 8.0 160 300 460 60
6-20-72 6.8 0 240 8.0 200 220 420 70
7-5-72 4.6 0 270 8.2 240 280 520 130
7-18-72 3.0 0 270 8.0 220 260 480 100
8-8-72 2.5 0 260 8.1 180 250 430 75
8-29-72 3.2 0 260 8.3 290 240 530 250
9-12-72 2.0 0 310 8.1 210 340 580 210
9-26-72 4.8 0 330 8.2 300 280 580 275
10-10-72 3.0 0 300 8.0 270 280 550 390
10-25-72 6.6 0 330 8.2 200 330 530 350
11-8-72 13.0 0 280 8.2 190 290 480 150
